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Chapter 1: Introduction

Introduction
Xeniobotics are foreign chemicals that are man made or of
natural origin. These chemicals include pesticides, animals, toxins, soil
and water pollutants, food additives and drugs. In many cases,
xeniobotics are metabolized into carcinogens, mutagens, and tumor
promoting

agents.

Azo

dyes

and

nitrated

polycyclic

aromatic

hydrocarbons (nitro-PAHs) are two groups of chemicals that are
abundant in our environment.
The species of bacteria capable of reducing azo dyes and nitroPAHs from the human intestinal microflora or other sources can be
identified by plating serial dilutions of human feces on brain-heart
infusion agar containing 1-nitropyrene or an azo dye such as Direct
Blue 15.

Bacterial colonies with azoreductase and nitroreductase

activities reduce the dye or 1-nitropyreneon

on the plate and are

recognized by the appearance of clear zones around the colonies.
Although

several

azoreductase-

and nitroreductase -

producing
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bacteria are present in the human intestinal tract, the majority belong
to the genera Clostridium and Eubacterium. Predominant anaerobic
bacteria with azoreductase and nitroreductase activity found in the
human intestinal tract include Clostridium leptum, Eubacterium sp.( C.
dostridiiforme, C. paraputrificum, Clostridium sp., and C. perfringens
(Cerniglia, Rafii, 1995). The aim of this research work was to study the
activity of azoreducatse gene in Citrobacter freundii and isolate the
azroreducatse gene.

Background of the Topic
Azo dye compounds represent a large group of chemicals which
are extensively used in the textile, pharmaceutical, food, and cosmetic
industries. It is one of the largest and most versatile dyes. They are
generally considered to be xenobiotic compounds which are rather
recalcitrant against biodegradative processes in conventional sewage
treatment systems. Nevertheless, during the last few years it has
been demonstrated that several microorganisms are able to transform
azo dyes to noncolored products or even mineralize them completely
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under certain environmental conditions ( Cerniglia et. al.( 1990).

Statement of the Problem
The intestinal microflora are capable of performing a wide
variety of metabolic transformations. "The intestinal bacteria can
enhance the function of the entire gastrointestinal tract, protect
against

pathogenic, maintain the vital chemical balance of

the

gastrointestinal system, and produce needed vitamins and hormones"
(http;//www.upwardquest.com/crit2.html). Some of the products of this
metabolism have been associated with carcinogenic processes, such as
cancer, tumor formation, gastrointestinal disease, and infections. The
ability of human intestinal microbes to interact with metabolites
directly or after recirculation may contribute toward different
toxicological disorders and disease.

Purpose of the Study
The purpose of this study is to characterize and isolate the
azoreductase gene in Citrobacter freundii.

Assumption
My hypothesis is that C. freundii possess azoreducatse enzyme
and can influence hepatic P450 enzymes associated with toxicity and
disease.

Rationale for Study
The human intestine is host to food remnants and microbial
organisms, also know as the intestinal microflora, from which the body
derives nourishment and against which the body must be protected.
The first catabolic step in the reduction of azo dyes, which is
accompanied by a decrease in the visible light absorbance of the dye
and the decolonization of the dye, is the reduction of the azo bridge
to produce aromatic amines. These aromatic amines are also known as
human carcinogens. There is a relationship between the intestinal
microflora and metabolic reactions leading to the transformation of
drugs and the production of mutagenic or carcinogenic compounds.
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Definition
The bacterium (Citrobacter freundii) is a gram-negative, rodshaped bacterium found in man and other animals including mammals,
birds, reptiles, and amphibians. Its organisms have also been isolated
from soil and water as well as from clinical specimens such as urine,
throat, sputum, blood, and wound swabs as an opportunistic pathogen
(http ;//vm.cfsan.fda.gov/~mow/chap20.html).
Azo dyes are dyes characterized by the presence of one or more
azo groups (Cerniglia, et. al., 1995). More than half of the annually
produced dyes are azo dyes (Blumel et. al., 2002)
Azoreductase is an enzyme capable of transforming azo dyes.
A Gene is a basic unit of heredity.
Genome is the total set of genes carried by an individual or cell.

Chapter 2
Organization Of Chapter 2
This chapter

includes a historical background of

the work on
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azoreductase enzymes and its presence in human intestinal bacteria,
recent findings, its impact on human health and significant reports.

Historical Background

The history of azo compound goes back to over a hundred years.
William Henry Perkins synthesized the first dye, mauve, in 1856 from
chemicals

derived

from

coal.

W.H.

Perkins

commercialized

his

innovation and developed the production process for this new dye.
During manufacturing and usage of azo dyes an estimated amount of
10-15% is released into the environment (Vaidya and Datye, 1982).

Existing Studies
Azoreductase activity of anaerobic bacteria isolated from human
intestinal bacteria was reported by Rafii and Cernigial (1990). Their
results showed azoreductase activity in ten strains of anaerobic
bacteria. Several researchers (Brown, 1981; Chung et. al., 1978, Dubin,
and Wright, 1975) have shown reduction of azo dyes by bacteria.
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Significant results
Azo

dye

compounds

are linked

to

bladder

cancer

in

humans,

hepatocarcinoma, and to nuclear anomalies in intestinal epithelial cells
in mice (Manning et. al., 1985). A number of azo dyes have been
classified as carcinogenic (Hartman et. al., 1978). All the azo dyes
containing a nitro group were found to be mutagenic (Chung and
Cernigilia, 1992). Furthermore, azo dyes can cause toxic degradation

products.

Chapter 3: Methodology
Preparation of media
The composition of Brain Heart Infusion (BHI) included 425ml of
distilled water, Brain Heart Infusion Broth (18.5g),Yeast Exatract
(5g), Salt Solution 1 (12.5ml), Salt Solution 2 (12.5ml), Calcium Chloride
Solution (12.5ml), Hemin Solution 2ml, Sodium Carbonate (0.2g), and
Cyestine-HCL (0.3g).

13

Composition of Nutrient Agar (NA) included 1 liter distilled water, 8g
of

Nutrient broth, and

15g Agar. Colonies of Citrobacter freundii

were maintained on Nutrient Agar medium. BHI was used for liquid
cultures to test for

azoreductase activity.

Azoreductase activity
To test the azoreductase activity, different concentrations of azo
dyes (10, 20 and 30^/M of

Direct

blue 15)

were tested for

azoreductase activity and discolorization with C. freundii. Spectronic20 was used to measure absorbance at 30 minutes intervals for 3
hours.

Genomic DNA extraction
After testing C. freundii for azoreductase activity , the genomic DNA of
the bacterium was extracted and isolated. During this procedure 100ml
of bacterial cultures, incubated overnight at 37°C was centrifuged for 20
minutes at 6000 rpm. The pellet was resuspended in 9.5 ml of TrisEthylene Diamine Tetra Acetic Acid Buffer (TE buffer). 50|d of
Lysozyme was added, and kept in room temperature for 30 minutes. Next,
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0.5ml of 10% SDS and 40(al of 20 mg/ml protenase K and 50|J RNAse
(20mg/ml) were added, mixed and incubated at 37° C for 1 hour. 1.8ml of
5M NaCI was then added and mixed thoroughly. After mixing, 1.5ml of
CTAB/NaCI solution was added, mixed, and incubated for 20 minutes at
65° C. After

incubation it

was extracted with equal volume of

chloroform/isoamyl alcohol (24:1) and

centrifuged

for 20 minutes, at

6000 rpm, in room temperature. The aqueous phase was transfered to a
fresh tube to precipitate the DNA with 0.6 volume of isopropanol. It was
centrifuged at 6000 rpm for 15 minutes at room temperature. The
precipitate was washed with 70% ethanol, and centrifuged for another 15
minutes at 6000 rpm. The supernatant was removed and the pellet
suspended in 1 ml of TE Buffer. The DNA was stored at -20° C.

DNA measurement
DNA measurement was done to check the purity and the total amount of
the genomic DNA of C.

freundii.

The measurement was taken at two

different wavelengths (260 and 280nm) and the ratio at 260/280 nm was
calculated. The reading for C. freundii was 1.966 ug/ml.
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Agarose gel electrophoresis
To ensure that the C. freundii DNA was successfully extracted, gel
electrophoresis was performed. An agarose gel (0.8%) was prepared for
electrophoresis. Genomic DNA (O.l^g) was loaded on to the gel along with
a DNA marker. The gel was stained with ethidium bromide and observed
on a UV Transilluminator

Polymerase Chain Reaction (PCR)
Oligonucleotides were custom synthesized to characterize genes from
Enterococcus faecalis and used as primers. PCR mixture (100|al) for the
amplification of genomic DNA contained 0.1 :g of genomic templates, 0.5|il
of

Taq DNA polymerase (5u/jnl), 10 pmol of each primer, lOmM

concentration of each deoxynucleotides triphophate, 25mM MgCI2 and
the corresponding reaction buffer was used for PCR.

Electrophoresis

with PCR products showed no fragments of expected size.

Restriction digestion
Restriction digestion of genomic DNA was followed to clone fragments
using a cloning vector. Restriction enzymes, Bam\-\, Hind III, and EcoRT
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were used to perform digestion of genomic DNA at 37° C.

Chapter 4: Analysis and Findings

Figurere 1: Colonies of Citrobacter freundii
Colonies of Citrobacter freundii were maintained onNutrient Agar
medium. BHI was used for liquid culture to test azoreductase activity.
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Figure 2: Gram-negative Citrobacter freundii
C. freundii possess azoreducatse enzyme and can influence hepatic
P450 enzymes associated with toxicity and disease.

Figure 3: Agarose gel showing genomic DNA of Citrobacter freundii
The gel was stained with ethidium bromide and observed on a UV
Transilluminator
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Absorbance

Samples

Time (min)
30

60

90

120

150

180

NC (dye)

1.015

0.995

1.020

0.598

0.672

0.672

PC (cit)

0.065

0.072

0.094

0.102

0.161

0.201

Cit and Dye

0.722

0.732

0.766

0.702

0.905

0.990

Cit and Dye

0.734

0.736

0.774

0.700

0.900

0.905

Cit and Dye
Table 1

0.672

0.682

0.694

0.658

0.825

0.865

10/vm Direct blue dye added to liquid culture and Citrobacter freundii

Absorbance

Time (min)

Samples
30

60

90

120

150

180

NC (dye)

1.045

1.040

1.005

1.005

1.010

1.100

PC (cit)

0.006

0.078

0.088

0.105

0.129

0.155

Cit and Dye

1.050

1.100

1.010

1.045

1.015

1.030

Cit and Dye

0.900

0.905

0.865

0.865

0.895

0.895

Cit and Dye
Table 2

0.875

0.870

0.830

0.825

0.855

0.870

20/vm Direct blue dye ac

d to liquid culture and Citrobacter freundii
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Absorbance

Samples

Time (min)
30

60

90

120

150

180

NC (dye)

0.446

0.452

0.448

0.452

0.456

0.682

PC (cit)

0.015

0.018

0.021

0.026

0.046

0.137

Cit and Dye

0.488

0.486

0.480

0.484

0.488

0.744

Cit and Dye

0.468

0.466

0.466

0.468

0.474

0.718

Cit and Dye
Table 3

0.506

0.504

0.500

0.504

0.510

0.784

30fjm Direct blue dye added to liquid culture and Citrobacter freundii

Decolonization of Blue 15 dye (lOmM) by C. freundii indicated the
presence of azoreducatse enzyme. The larger the amount of dye the
longer it took for the Citrobacter freundii to decolorize the Blue 15
dye

DNA/ Protein measurement
The concentration of genomic DNA was measured with a UV
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Spectrophotometer

No Items
1 A1

Results

Unit

.257

Abs

A2

. 155

Abs

A3

. 051

Abs

C-DNA
C-Pro
Ratio

9.193
6.647
1.966

ug/ml
ug/ml
ug/ml

The ratio for protein measurement should range from 1.5 to 2. Our
protein ratio was 1.966

Chapter 5: Summary and Conclusion

Brief Summary
Genomic DNA was extracted from small bacterial cultures by treating
it with lysozyme or Mutanolysin. The resulting DNA was screened by
22

agarose gel electrophoreses. PCR analysis and restriction endonuclease
digestion was followed for isolating the azoreducatse gene.

Conclusion
•

Decolonization

of

Azo

Dye

(Direct

blue

15)10

-

20/jM

concentrated by Citrobacter freundii.

•

Biotransformation of azo dye by Citrobacter freundii indicated
presence of azoreducatse gene.

Isolation of

the azoreducatse gene with PCR, restriction

endonucleases, electrophoresis, cloning and transformation are in
progress.
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